Castellani: " Symbiotic Fermentation Phenomenon" CONCLUSIONS.
I isolated a strain as long ago as 1901, although it was not classified at the time, being considered a non-typical dysentery bacillus-it is still in my collection. I described Bacillus gintottensis in 1910; I isolated Bacillus madampensis in 1910 and described it in 1911; the first strain of Bacillus metadysentericus was isolated in 1904, but was not named for some years. Chalmers and I created two genera for these organisms, Lankoides and Dysenteroides, but in practice it is an advantage to combine the two genera into one (Dysenteroides sensu lato). Some species, as for example, Bacillus ceylonensis B, Bacillus ceylonensis A and Bacillus metadysentericus are pathogenic.
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By ALDO CASTELLANI, C.M.G., M.D., F.R.C.P.
THE so-called " symbiotic fermentation phenomenon " described by me may be defined as follows -" Two micro-organisms neither of which alone produces fermentation with gas in certain carbohydrates, may do so when living in symbiosis or when artificially mixed." I noted this phenomenon in 1904 and 1905, when I first became interested in the composition of baker's yeast; I observed that ordinary baker's yeast in Ceylon and England consisted, as a rule, of two or more organisms (saccharomyces and bacilli) living in symbiosis, and that baker's yeast in toto gasfermented a larger number of sugars than any of the isolated organisms. In recent years I have used pathogenic germs. The phenomenon takes place only with the use of certain organisms.
Examples: (1) Bacillus typhosus alone does not produce gas in maltose (acidity only); Bacillus morgani alone does not produce gas in that sugar (neither cidity nor gas). The mixture Bacillus typho8s + Bacillus morgani will produce gas ( fig. 1 ).
(2) Staphylococcus aureUs (Ross Institute strain) alone does not produce gas in maltose (acidity only); Bacillus morgani alone does not produce gas (neither acidity nor gas); the mixture Staphylococcus aureus + Bacillus morgani will produce gas.
Technique to put in Evidence the Symbiotic Fermentation Phenomenon.-The phenomenon may be put in evidence when both liquid media and solid media are used. The two principal types of dysentery organisms, Shiga and Flexner sensu6 lato, may be differentiated by using their symbiotic fermentation with Bacillus norgani. Shiga + Morgan will not produce gas in mannitol; Flexner + Morgan will produce gas. It may be said, generally, that the results of the symbiotic fermentation largely correspond to the results obtainable with simple acid fermentation, viz., there will be gas in those carbohydrates in which the organism to be identified will produce-alone-simple acidity; the presence of gas, however, is much more striking 120" I I 1.
I than simple acid fermentation; it may, moreover, in certain cases become rapidly evident, while the simple production of acid may be very slow. For instance, there has been souie difference of opinion on the point as to wlhether Bacillus dysenteria Shiga-Kruse produces acidity in maltose. In old text-books on bacteriology the organism is described as producing slight acidity in maltose, in most of the modern books it is described as not producing acidity. The symbiosis Shiga + Morgan produces gas in maltose and this is in favour of Shiga producing a certain amount, however small, of acidity in that sugar. The experiments on this subject will be given in extenso in another paper. It is sufficient to say here that the phenomenon is useful in the identification and differentiation of certain carbon compounds. For instance, a Fehling-reducing substance which is gas-fermented by Bacillus typhosuts + Bacillus morgani and not by Bacillus kandiensis + Bacilluys morgani is probably maltose. The explanation is as follows:-The symbiosis Bacillus typhosus + Bacilluts morgani and the symbiosis Bacilluts kandiensis + Bacillus morgani produce gas in the same Fehling-reducing sugars except maltose, in which Bacillus typhosus + Bacillus morgani produces gas and Bacillus kandiensis + Bacillus morgani does not. If a Fehling-reducing sugar, therefore, is gas-fermented by Bacillus typho'sus + Bacillus m,organi and not by Bacillus kandiensis + Bacillus morgani the inference is that it is maltose. For the identification of maltose and other carbon compounds, however, the mycological method I devised in Ceylon and later worked out in England with Dr. F. E. Taylor, is much simpler. All the details of the method will be found described in the Journal of the American Mlfedical Association, February 20, 1926. RE'SUME AND CONCLUSIONS. Some years ago I noted that the usual baker's yeast as obtainable in Ceylon and England is not a pure culture of yeast but is generally composed of two or more species of Saccharomyces and one or two or more species of bacteria living in close association or symbiosis. I made the observation that the whole yeast, as a rule, gas-fermented more carbohydrates than any of the isolated germs did, either saccharomyces or bacteria. In recent years I have carried out similar experiments, using mostly pathogenic bacteria. What I have called the "Svmbiotic Fermentation Phenomenon'" may be defined as follows:-" Two organisms neither of which alone produces gas fermentation in certain carbohydrates may do so when mixed together." The phenomenon takes place under the use of certain organisms, one of which apparently must be capable of producing acidity, never gas, in certain carbohydrates.
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